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Abstract
Tactile feedback from a remotely controlled robotic arm can facilitate certain tasks by enabling the user to
experience tactile or force sensations from the robot's interaction with the environment. However, equipping
both the robot and the user with tactile sensing and feedback systems can be complex, expensive, restrictive
and application specific. This paper introduces a new tele-operation haptic feedback method involving electro-
tactile feedback. This feedback system is inexpensive, easy to setup and versatile in that it can provide the user
with a diverse range of tactile sensations and is suitable for a variety of tasks. We demonstrate the potential of
our electro-tactile feedback system by providing experimental results showing how electro-tactile feedback
from a teleoperated robotic arm equipped with range sensors can help with avoiding obstacles in cluttered
workspace. We also show how interactive tasks, like placing a peg in a hole, can be facilitated with electro-
tactile feedback from force sensors.
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Abstract— Tactile feedback from a remotely controlled 
robotic arm can facilitate certain tasks by enabling the user to 
experience tactile or force sensations from the robot's 
interaction with the environment. However, equipping both the 
robot and the user with tactile sensing and feedback systems 
can be complex, expensive, restrictive and application specific. 
This paper introduces a new tele-operation haptic feedback 
method involving electro-tactile feedback. This feedback system 
is inexpensive, easy to setup and versatile in that it can provide 
the user with a diverse range of tactile sensations and is suitable 
for a variety of tasks. We demonstrate the potential of our 
electro-tactile feedback system by providing experimental 
results showing how electro-tactile feedback from a tele-
operated robotic arm equipped with range sensors can help 
with avoiding obstacles in cluttered workspace. We also show 
how interactive tasks, like placing a peg in a hole, can be 




Although robotic technologies are increasing, most 
remote, hazardous and non-repetitive tasks performed by 
robots still require tele-operation and considerable human 
interaction. Such tasks include: controlling a robot to disarm a 
bomb [1], manipulating radioactive isotopes, performing 
space and underwater exploration [2], [3],  performing search 
and rescue in dangerous environments [4], performing tele-
surgery [5]. In all these applications control is achieved by 
perceiving the robot's environment via cameras and remotely 
controlling the robot in an appropriate manner. 
To remotely operate a robot to perform such tasks, the 
operator needs considerable visual information on robot's 
position and its environment as well as the current state of the 
robot. The operator may also need to sense and perceive what 
the robot is doing with its actuators. If the robot's task is 
intricate or difficult, this information will need to be precise 
and in a form that is easy for the operator to interpret.   
Tactile feedback in the form of touch or force sensing 
from the robot can assist the operator to better interpret the 
remote situation and to manipulate items. Although, visual 
and/or audio feedback can be used for this purpose, haptic 
feedback in the form of touch or force sensing is preferred 
because it does not occupy the operator's eyes or ears and can 
provide force and/or touch sensations in an intuitive manner. 
However, equipping both the robot and the operator with 
haptic feedback can be complex, expensive and restrictive. 
Furthermore, such feedback systems are often application 
specific and may not be able to be easily adapted to different 
tasks. To overcome this limitation we have devised an 
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electro-tactile feedback system to facilitate tele-operation of a 
robotic arm. The main benefits of our electro-tactile feedback 
system are that it is easy to setup, less expensive than force-
feedback systems and has more bandwidth than vibro-tactile 
feedback systems. Furthermore, it is versatile in that it can 
provide the user with a diverse range of tactile sensations 
from various sensor types and is suitable for a variety of 
tasks. 
In Section II of this paper we provide a brief overview of 
previous research on haptic feedback with respect to 
controlling robots via remote control. Section III outlines the 
implementation details of our electro-tactile feedback system. 
Section IV describes two experiments which demonstrate the 
feasibility of our electro-tactile feedback system and show 
how electro-tactile feedback from a tele-operated robotic arm 
can: (1) facilitate avoiding obstacles in cluttered workspace 
and (2) aid with placing a peg into a hole with relative ease. 
Concluding remarks are provided in Section V. 
II. BACKGROUND 
Recently, many applications have been found for tele-
operated robots (see [6] for a comparative study). Tele-
operation not only requires the operator to have control of the 
robot but also perception of the robot and its environment or 
work area. The most common form of information used to 
tele-operate robots is in the form of visual and audio 
feedbacks. This may be adequate for tasks like blowing up a 
bomb by firing a projectile into it, however, other tasks, like 
disarming a bomb [1] or tele-surgery [5], [7] may also require 
some form of haptic feedback so that the operator can actually 
"feel" what the robot's actuators are doing. 
A number researchers have found that haptic feedback, in 
the form of force feedback, can improve the performance and 
decrease control effort of specific tele-operation tasks. For 
example, in [5] force feedback has been used to facilitate tele-
surgery with positive results by making the operator more 
aware of the pressure being applied by tele-operated surgical 
instruments. Assembly tasks have also been found to benefit 
from force feedback. In [8], experiments were performed to 
determine how controlling a robot to do various assemble 
tasks performed both with and without force feedback. 
Similar experiments were also conducted in virtual reality to 
determine how force feedback can improve the interactivity 
and speed of various assembly tasks [9]. 
Tele-operated mobile robots have also benefited from 
force feedback (see [10] for a survey). In [11] a 2D joy stick 
with force feedback was used to implement a vector field 
navigation and obstacle avoidance algorithm. In this case, the 
virtual forces derived from the robot's range sensors are 
applied to the joystick instead of the robot. Hence, the robot 
resists moving too close to obstacles by preventing the 
joystick from moving in that direction.  
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In the following sections we provide implementation 
details of the robot's sensors, the data glove controller and the 
electro-tactile feedback system. 
A. Arm Robot and the Sensors 
To conduct the electro-tactile feedback experiments a 
CRS A465 robotic arm is used. This arm is a 6 DOF arm with 
a gripper, as shown in Figure 1.  To monitor the space 
surrounding the arm's gripper and the forces applied to the 
gripper, four Sharp GP2D 120 infra red range sensors and two 
Tekscan FlexiForce A20 force sensors are used, as shown in 
Figure 3 and 4.  The Sharp GP2D 120 IR range sensors are 
able to continuously measure distances within the range of 4 
cm to 30 cm. The Tekscan A201 FlexiForce sensors can 
measure forces between 0 to 110N.  
 
Figure 3.  a. Infrared range sensor. b. Force sensors 
 The infrared range sensors are fitted to the body of the 
robot's gripper to detect objects in close proximity to the 
gripper (3-30cm). Feedback from these sensors is used to 
assist the user to locate the target object and avoid any 
obstacles that are in the way. The force sensors are epoxied to 
a piece of aluminium angle which has had the contact surface 
slightly raised to make good contact the centre of the sensor's 
detection area, as shown in Figure 3b. This assembly is then 
adhered to the one of the gripper's fingers with flexible silicon 
adhesive, as shown in Figure 4. The other gripper finger has a 
piece of aluminium angle, without force sensors, adhered to it 
for uniformity. The internal exposed surface of the angles is 
lined with neoprene to facilitate gripping objects, as shown in 
Figure 4. This arrangement enables x, y forces applied to the 
gripper along a vertical plane to be detected.  
 
Figure 4.  Force and range sensors mounted on  the gripper of the Robot 
Although this sensor configuration provides only limited 
perception of the robot's environment and gripper forces, we 
found this arrangement adequate for testing our electro-tactile 
feedback system on our preliminary experiments. 
B. Data Glove 
The data glove is a P5 Virtual Reality Glove which can 
monitor the glove's x, y, z position and its orientation in terms 
of roll, pitch and yaw. The glove can also monitor the bend of 
all five fingers and the position of three buttons mounted on 
the glove, as shown in Figure 5. The buttons are programmed 
for two purposes. In normal mode, one button engages the 
glove with the robot arm and the other two buttons select 
specific joints to be moved. Also, when a tight fist is made, 
the buttons enable settings, such as the speed and the x, y, z 
translation factor, to be altered.   
The data glove has to be held in front of its receptor tower 
to be read. To accommodate for making large movements, the 
glove is reputedly engaged and disengaged, similar to how 
one lifts a mouse off and on a mouse pad to make large 
movements. The bend of the forefinger and thumb are 
measured and used to open and close the gripper. This 
protocol was found to enable the operator to intuitively move 
the robot arm within its workspace and manipulate objects 
with relative ease. 
 
Figure 5.  P5 Data Glove and receptor tower.  
C. Electro-tactile Feedback 
To provide feedback to the user from the sensors mounted 
on the robot a custom built single wireless TENS1
 
1 TENS:  Transcutaneous Electrical Nerve Stimulation 
 unit is 
used, as shown in Figure 6. This unit is capable of delivering 
neural stimulus signals to the skin with controllable frequency 
and intensity. It consists of a USB transmitter unit and a 
receiver unit with two adhesive electrodes attached to it, as 
shown in Figure 6a, 6b & 6c respectively. One electrode is for 
delivering the feedback signal from the sensors mounted on 




Figure 6.  a. TENS receiver  b.USB transmitter  c.Adhesive TENS 
electrode.  
The TENS feedback signals are comprised of 20Hz pulses 
with amplitude between 40V to 80V, as shown in Figure 7. 
The peak voltage can be adjusted to suit user comfort. To 
control the intensity felt by each finger the pulse width is 
DGMXVWHGEHWZHHQWRs. For the experiments described 
in Section IV the frequency was left at 20Hz and the intensity 
was adjusted in proportion to the output from the sensors 
mounted on the robot. 
 
Figure 7.  TENS output waveform 
IV. EXPERIMENTAL METHOD 
To test our electro-tactile feedback system we conducted 
two tele-operation experiments with a CRS A465 robot arm 
fitted with the sensors described in Section III. The first 
experiment involved manipulating the robot's gripper and 
avoiding obstacles in a confined workspace. The second 
experiment involved picking up a round peg and placing it 
into a matching hole. 
In order to receive appropriate sensations from the electro-
tactile feedback system the wireless electrode are placed on 
the user's right and left arm and positioned, so that the signals 
can be easily interpreted as shown in Figure 8.  
 
Figure 8.  a. Electro-tactile receiver.  b. Corresponding robot sensors.  
A.  Obstacle Avoidance 
Avoiding obstacles involves controlling the robot arm 
with the data glove, while observing the work area with a 
fixed camera, and reacting to the stimulus intensity delivered 
by the TENS electrodes. High stimulus from a specific TENS 
electrode, linked to a specific range sensor on the robot 
indicates that an object has been detected close to the 
corresponding range sensor on the robot. To assist in aligning 
the four range sensors on the robot with the four 
corresponding TENS electrodes on the user, the front IR 
range sensor on the robot is color coded red.   
The electrical stimulation delivered to the user from the 
range sensors is calibrated so that strong sensations are felt at 
the minimum range (4cm), light sensations are felt at 8cm 
range and no sensation is felt at 12cm or greater. Stimulation 
from the force sensor associated with gripping an object was 
calibrated to range from zero (indicating nothing held) to light 
(indicating an object is held by the gripper). Stimulus from 
the other force sensor (which measures the downward force 
applied to a gripped object) was calibrated to produce zero 
stimulus, when no downward force is applied, to intense 
when the robot is pushing the gripped object hard against the 
surface.  
  
To test the ability of our electro-tactile feedback system to 
improve tele-operation tasks involving obstacle avoidance, we 
constructed a constrained path for the robot gripper to 
negotiate, as shown in Figure 9. This task involved 
positioning the gripper at the home position, labeled A in 
Figure 9a, then moving cylinder located at location B to 
location C without lifting the gripper above the walls shown 
in Figure 9b.   
A number of trials were conducted with different users. 
Five minutes was provided to become familiar with 
controlling the robot arm in the environment, both with and 
without electro-tactile feedback. Each user was then timed at 
how long it took to perform the task both with and without 
electro-tactile feedback. All users reported that the electro-
tactile feedback enabled this task to be completed faster and 




Figure 9.  Obstacles avoidance experimental Setup  
 
B. Peg in Hole 
Although the robot's gripper contains only two force 
sensors, linked to two channels of electro-tactile feedback, we 
found this adequate for providing the user with tactile 
sensations from both holding an object, and any contact the 
held object makes with other surfaces. When combined with 
visual perception of the work area we were able to perform 
the peg-in-hole assembly task shown in Figure 10.  
 
Figure 10.  Peg-in-hole assembly task.  
This was achieved by firstly, calibrating the electro-tactile 
feedback linked to the force sensors to give appropriate tactile 
sensations (intensity) of the forces being applied to the object 
and surfaces, and secondly, deploying a linear tap-drag-push 
strategy to locate the hole and manipulate the peg into the 
hole. This strategy required the gripper to be posed at a slight 
angle to the surface, as shown in Figure 11. To find the hole 
the user first makes contact with the surface, then drags the 
peg across the surface and stops when the hole is "felt". The 
user then repeatedly "touches" the peg against the edge of the 
hole, while manipulating the peg into the upright position. 
This is repeated until the peg inserts into the hole. Figure 11a 
and 11b show typical forces that could occur during the 
insertion procedure and how these forces are applied to the 
force sensors. Without electro-tactile feedback this task 
proved difficult even with the camera zoomed in on the hole. 
 
Figure 11.  a. Peg, hole and applied forces  b. Peg and typical force vectors  
  
V. CONCLUSION 
Although various methods have been used for receiving 
tactile and force feedback from tele-operated robots, electro-
tactile feedback has been largely overlooked. This paper 
describes an electro-tactile feedback system for a robotic arm 
comprised of IR range sensors and force sensors mounted on 
the robot's gripper, and wireless TENS electrodes placed on 
the user's skin. This feedback system is inexpensive, easy to 
setup, versatile and avoids complicated mechanical hardware 
and software required by other tactile feedback systems. The 
experimental results show how this electro-tactile feedback 
system fitted to a robotic arm can help with avoiding 
obstacles in cluttered workspace and facilitate placing a peg 
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